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Background: Individuals with learning disabilities (LDs) have an increased risk for mental 
illness. The association between LDs and mental illness varies across sex, age, and among those 
with co-morbidities. While LDs and the emerging adult developmental period are independent 
risk factors for mental illness, the association between LDs and mental illness in emerging adults 
is unclear. Therefore, the mental health of emerging adults with LDs is a public health concern 
worth further consideration.  
Objectives: The purpose of this study was to 1) investigate psychological distress in emerging 
adults with LDs, 2) explore the clinical importance of the association between LDs and mental 
illness in emerging adults, and 3) examine the modification of age, sex, attention-
deficit/hyperactivity disorder (ADHD), and disability impairment on the association between 
LDs and mental illness.  
Methods: The current study utilized the 2012 Canadian Community Health Survey – Mental 
Health (n=25,113), which was a cross-sectional investigation of Canadians ≥15 years from the 
ten Canadian provinces. The study sample was composed of individuals aged 15-29 years (n 
=5630), with similar age and sex distributions. The exposure was self-reported diagnosis of an 
LD, and the outcome was Kessler Psychological Distress (K6) Scale scores. Multiple linear 
regression was used to examine the association between learning disabilities and continuous 
psychological distress scores, and logistic regression was used to examine the association 
between learning disabilities and binary K6 scores (scores <13 or ≥13). Moderation by age, sex, 
ADHD, and World Health Organization Disability Assessment Schedule (WHODAS) 2.0 scores 
was determined. Multicollinearity and model fit were evaluated. All analyses utilized survey 
weights. 
Results: The weighted frequency of those with LDs was approximately 421 (7.5%). Emerging 
adults with LDs displayed a higher mean score (1.6 vs. 1.3) and had a greater proportion with 
scores greater than or equal to the cut-point of 13 (7.0% vs. 2.5%) compared to those without 
LDs. There was no concern for multicollinearity. After controlling for demographic, 
psychosocial, and health covariates, emerging adults with LDs (1) displayed higher log-
transformed K6 scores (β=0.10, p=0.149, adjusted R2=0.26), and (2) had a higher odds of K6 
scores ≥13 [Odds Ratio (OR)=1.17, 95% CI=0.60-2.27] compared to those without LDs. 
However, the full linear and logistic regression models did not demonstrate statistical 
significance. Additionally, there was no statistically significant moderation in the adjusted linear 
regression between LDs and continuous K6 scores. However, males (OR=2.39, 95% CI=1.01-
5.67) and those aged 15-19 years (OR=0.18, 95% CI=0.04-0.78) or 25-29 years (OR=3.87, 95% 
CI=1.05-14.30) had higher odds of K6 scores above the clinical cut-point. Stratification by 
ADHD-status and WHODAS 2.0 scores was not statistically significant. 
Conclusion: The current epidemiological study confirmed that emerging adults with LDs had 
clinically important higher K6 scores and were more likely to have K6 scores at or above the cut-
point compared to emerging adults without LDs. Additionally, age and sex were significant 
moderators in the association. The study findings suggest a need for improved awareness and 
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1.1 Historical Overview of Learning Disabilities 
Throughout the 1800s in Europe, physicians and researchers recognized individuals with 
unique disabilities that were marked by unexpected challenges in speech, learning, and 
inattention (Hammill, 1993). The decades that followed saw interventions that were directed at 
modifying educational environments, many of which were conducted in the United States 
(Fletcher et al., 2007). However, it was not until 1963 that the term “learning disabilities” (LDs) 
was first coined by American psychologist Samuel Kirk (Fletcher et al., 2007; Kirk, 1963). His 
definition of LDs described children with impaired development in language, speech, reading, 
and communication skills that were not due to sensory deficits or intellectual disabilities (Kirk, 
1963; Wicks-Nelson & Israel, 2013), which constitute another type of developmental disability 
marked by low intellectual and adaptive functioning (National Academies of Science, 2015; 
Parekh, 2017). Kirk’s assertion incited policy changes that supported and protected individuals 
with LDs, especially with respect to their education (Fletcher et al., 2007). However, these policy 
changes identified a lack of consensus on a definition for LD. Consequently, various approaches 
to defining and operationalizing LDs have been used, often heavily informed by the Individuals 
with Disabilities Education Act (IDEA) – an educational policy developed by the United States 
federal government (Fletcher et al., 2007; Wicks-Nelson & Israel, 2013). Unlike what was seen 
in the United States, the Canadian federal government has not developed a definition for LDs, 
essentially leaving the onus on provincial administrations, who do not share a consistent 
definition (D’Intino, 2017). In the United Kingdom, there is no distinction between intellectual 
disabilities and learning disabilities, further complicating the challenges with identifying LDs. 
Arriving at a shared definition and operationalization across government policy, education, 
research, and clinical practice is a persistent challenge plaguing the field today.  
1.2 Learning Disability Definition, Neurobiology, and Etiology 
Alternatively termed “specific learning disorders” or “learning disorders,” LDs are defined in 
the Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-5) as “difficulties 
in learning and using academic skills that have persisted for at least six months regardless of 
appropriate interventions” and are not related to other conditions, such as sensory deficits or 
intellectual disabilities (American Psychiatric Association, 2013). LDs in the DSM-5 fall under 
one disability with multiple manifestations, deviating from the Diagnostic and Statistical Manual 
of Mental Disorders, 4th edition (DSM-IV) in which there were four specific learning disorders – 
reading disorder, mathematics disorder, disorder of written expression, and learning disorder-not 
otherwise specified (Pennington & Peterson, 2015). Impaired skills still relate to reading, 
writing, and mathematics, contributing to the respective common LD types: dyslexia, 
dysgraphia, and dyscalculia (Pennington & Peterson, 2015).  
Many studies have found that individuals with LDs display atypical brain anatomy and 
physiology, impacting grey and white matter in various brain regions. Postmortem and imaging 
studies in individuals with reading and language impairments have shown abnormalities in the 
left hemisphere of the brain. The planum temporale, the core of Wernicke’s area (the main 
language centre in the brain), is a commonly implicated region that shows atypical hemispheric 
symmetry (Eliez et al., 2000; Hynd et al., 1991). Additionally, the inferior frontal gyrus, fusiform 
gyrus, and the temporoparietal cortex have been associated with reading disorder (Ashkenazi et 
al., 2013; Eliez et al., 2000; Hynd et al., 1991; Pennington & Peterson, 2015). In those with 
mathematics disorder, impacted areas include bilateral parietooccipital areas, and more 
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specifically decreased grey matter in the right intraparietal sulcus, left inferior frontal gyrus, 
bilateral middle frontal gyrus, and anterior cingulate cortex, as well as decreased white matter in 
the right parahippocampal gyrus (Rotzer et al., 2008). Although studies on brain structure have 
been impacted by heterogeneous methodology, functional brain imaging studies have shown 
altered activation in the frontal, occipital, and temporal regions compared to non-LD controls (S. 
E. Shaywitz & Shaywitz, 2001). In a positron emission tomography study, individuals with 
dyslexia had less activation in the right hemisphere (McCrory et al., 2000). On the contrary, 
another study showed that left hemisphere brain regions responsible for phonological processing, 
letter-sound conversion, and whole word recognition have shown underactivation, while right 
hemisphere regions have shown overactivation (Pennington & Peterson, 2015). In those with 
mathematics disorder, the left inferior parietal region has been associated, with decreased 
activation in the intraparietal sulcus, ventral occipitotemporal cortex, superior parietal lobule, 
and prefrontal cortex (Ashkenazi et al., 2013). Nevertheless, less is known about brain activation 
in those with mathematics disorder relative to those with reading disorder.  
Considering the abnormalities found in brain structure and function, decades of research 
assert that LDs are caused by central nervous system (CNS) dysfunction as a result of (1) genetic 
or hereditary influences, (2) biochemical abnormalities, (3) insult or injury to the CNS, and (4) 
environmental influences (Hammill et al., 1987; Margai & Henry, 2003; Stanton-Chapman et al., 
2001). Today, LDs are considered a neurodevelopmental disorder (Ontario Psychological 
Association, 2018), and risk factors continue to be investigated.   
1.2.1 Non-Modifiable Risk Factors 
With scientific advancement, genetics have been shown to exert a role in the development of 
LDs. In fact, 23-65% of children with dyslexia have a parent with dyslexia (S. E. Shaywitz & 
Shaywitz, 2001). In those with a family history, the mean prevalence of dyslexia was 45% [95% 
CI (39%, 51.2%), I2 = 36.5%, Tau2 = 0.08] (Snowling & Melby-Lervag, 2016), and the mean 
prevalence of dyscalculia was 40-64% (Shalev et al., 2001). Additionally, twin studies of spoken 
or written language disorders have demonstrated a pooled concordance rate of 79.9% for 
monozygotic twins and 46.2% for dizygotic twins, indicating that shared genetics play an 
important role in LDs (Stromswold, 2001). Furthermore, LDs have been associated with various 
genetic loci and candidate genes, although dependent on the type and presentation (Fletcher & 
Grigorenko, 2017; Stromswold, 2001). In reading disorder, four commonly identified loci are 
DYX1 on chromosome 15q, DYX2 on 6p, DYX5 on 3p, and DYX on 18p; the DYX loci has led 
to the discovery of four candidate genes for dyslexia, which include DYX1C1, DCDC2, 
KIAA0319, and ROBO1 (Becker et al., 2017; Gibson & Gruen, 2008). While it should be noted 
that most studies identifying a genetic mechanism for LD focus on dyslexia (the most common 
LD), there is clear evidence from familial, twin, and genetic studies that LDs have a strong 
genetic component, which has implications for early detection (Pennington & Peterson, 2015). 
There are sex-based differences in LD prevalence, with an approximate 2.4:1 ratio of 
males to females (Stanton-Chapman et al., 2001). However, males present more frequently with 
symptoms that are disruptive to educators and therefore have higher referral rates to special 
education services (Cortiella & Horowitz, 2014), which may explain prevalence differences 
across sex. Consequently, the prevalence of females with LDs may be underestimated and fewer 
females may receive the adequate treatment needed (Cortiella & Horowitz, 2014). There are sex-
based differences in neurobiological activation; females had bilateral activation during 
phonological processing, whereas males had lateralized activation in the left inferior frontal 
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regions (B. A. Shaywitz et al., 1995). Sex-based differences in LD type have also been 
suggested, with a higher prevalence of spelling or combined spelling and reading deficits in 
males, and a higher prevalence of isolated and combined mathematics deficits in females (Moll 
et al., 2014), although this finding is inconsistent (Görker, 2019). Taken together, the research 
identifies preliminary sex-based differences in the neurobiological processes, symptomatic 
presentation, and prevalence rates of LDs.     
1.2.2 Modifiable Risk Factors 
Acquired insult or injury to the CNS may lead to LDs. Individual-level risk for LDs has been 
associated with very low birth weight, low five-min Apgar score [a score denoting the newborn’s 
status with respect to colour, heart rate, reflexes, muscle tone, and respiration (Watterberg et al., 
2015)], as well as late or no prenatal care, premature birth, and maternal drug, tobacco, or 
alcohol use during pregnancy (National Institute for Learning Development Canada, n.d.; 
Stanton-Chapman et al., 2001). Environmental contaminants have also been associated with CNS 
dysfunction related to LDs. In a study that mapped the prevalence of LD cases by 
neighbourhood, higher prevalence of LDs were found in areas that had more environmental 
pollution (i.e., lead toxicity, air pollution from factories, etc.) (Margai & Henry, 2003). Other 
environmental factors implicated in LDs are single-parent homes, low parental educational 
attainment, poor nutrition, and overcrowding; although these factors are not causes, but are rather 
connected to the aforementioned pre- and post-natal risk factors (Margai & Henry, 2003; 
Stanton-Chapman et al., 2001). Further, supportive and enriching environments, such as 
responsive parenting, positively influence learning, academic, and social success (Madigan et al., 
n.d.; Robledo-Ramón & García-Sánchez, 2012; Sahu et al., 2018). It must be noted that LDs are 
present in all ethnicities and socioeconomic statuses, and thus are not caused by these factors 
(Hayes et al., 2018; Ontario Psychological Association, 2018). Convincingly, LDs appear to be 
connected to pre- and post-natal damage to the CNS. 
1.3 Symptoms, Diagnosis, and Treatment 
LD presentation is diverse depending on the type(s) of LD, which result from the 
cognitive processes that are implicated (Hayes et al., 2018). As such, there is no defined group of 
symptoms that characterize LDs (Pratt & Patel, 2007), but typical signs include poor memory, 
inability to distinguish different letters, numerals, or sounds, and difficulty following direction 
(Hayes et al., 2018). Symptoms of LDs usually present in school-aged children as academic 
deficits, such as in word recognition, fluency [i.e., “the ability to read connected text rapidly, 
smoothly, effortlessly, and automatically with little conscious attention to decoding” (Meyer & 
Felton, 1999)], reading comprehension, and computation (Fletcher et al., 2007). Specific 
characteristics of LDs often vary by age, involving more complex academic skills over time 
(Hayes et al., 2018), as well as by sex, where males more commonly present with externalizing 
symptoms (Willcutt & Pennington, 2000). 
Diagnostic criteria for LDs have evolved with advancements in LD research. Previously, 
a discrepancy between academic achievement and intellectual potential was an important 
diagnostic consideration, but this approach has since been discredited for various reasons, 
including measurement errors and biased assessment of those who are low-income or 
culturally/linguistically diverse (Hayes et al., 2018; Ontario Psychological Association, 2018; 
Wicks-Nelson & Israel, 2013). Notably, LDs do not impact intelligence, as would occur in 
intellectual disabilities (American Psychiatric Association, 2013). The DSM-5 criteria for an LD 
diagnosis is predicated on at least one deficit in reading, written expression, or mathematical 
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reasoning that has persisted for at least six months irrespective of intervention (American 
Psychiatric Association, 2013; Wicks-Nelson & Israel, 2013). However, there continues to be 
variability in LD assessment. In an attempt to ensure consistency, the Consensus Statement by 
the Ontario Psychological Association identified that an LD diagnosis is made if all of the 
following criteria are met: (1) history of below age-level academic function or significant 
support in maintaining academic functioning, (2) below-average academic achievement in at 
least one aspect of reading, writing, or mathematics, (3) evidence that difficulties are due to 
psychological processes, (4) a minimum of average skills needed for thinking and reasoning, and 
(5) evidence that the difficulties cannot be due primarily to other conditions/disorders (i.e., 
hearing or visual impairments), cultural/linguistic diversity, lack of motivation or effort, or poor 
environment (i.e., inadequate education, psychosocial adversity) (Ontario Psychological 
Association, 2018). Diagnosis may be challenging as LDs may co-occur across LD types and are 
often comorbid with attention-deficit/hyperactivity disorder (ADHD) or developmental language 
disorders (Ontario Psychological Association, 2018; Pratt & Patel, 2007; Willcutt et al., 2019). 
The evaluation of an LD is quite extensive and multifaceted, incorporating standardized 
achievement and cognitive measures and a clinical assessment that accounts for the medical, 
familial, and educational history of an individual (American Psychiatric Association, 2013). 
Additionally, cultural/linguistic diversity is an important consideration in LD assessments, such 
as using an individual’s first language or establishing whether errors in symbols, terminology, 
and procedures are due to education from a different country (Ontario Psychological 
Association, 2018). Ultimately, through differential diagnosis, presence of an LD and the 
affected academic domains would be determined to inform treatment.  
Current treatment for LDs is highly individualized and is developed with collaboration 
from parents, educators, and medical professionals. Treatment changes with age, transitioning 
from a focus on remediation – when there is more brain plasticity (Pratt & Patel, 2007) – to a 
focus on compensation and lifestyle adjustments (Lagae, 2008). It has been shown that treatment 
is more effective at younger ages (Suggate, 2010); thus, early diagnosis is essential for better 
treatment outcomes (Fletcher & Grigorenko, 2017). The most effective interventions are explicit, 
differentiated according to academic domain, and of appropriate intensity with respect to LD 
severity (Fletcher & Grigorenko, 2017). Yet, most intervention studies pertain to dyslexia, 
resulting in a lack of substantial evidence for other LDs (Pennington & Peterson, 2015). Diverse 
treatment needs contribute to a lack of standardized accommodation practices, which are further 
complicated by the provincial jurisdiction of education in Canada (D’Intino, 2017). Although 
there are various treatments with different degrees of effectiveness, it is important to note that 
LDs persist throughout life (Fletcher et al., 2007). 
1.4 Public Health Impact 
Due to challenges in defining and diagnosing LDs, prevalence estimates vary (Hayes et al., 
2018). Studies have reported a prevalence ranging from 4-9% for reading deficits and 3-7% for 
mathematics deficits (American Psychiatric Association, 2013). In the 2017 Canadian Survey on 
Disability, approximately 4% of Canadians 15 years of age or older had a learning-related 
disability, with a slightly higher prevalence of 6% among those aged 15 to 24 years (Morris et 
al., 2018). The same survey found that 77% of youth with disabilities had mental health-related 
disabilities and/or LDs (Easter Seals, 2019). Generally, living with a disability has negative 
implications for education, employment and income (Easter Seals, 2019). There was a 3.5-fold 
higher odds of not completing secondary school in those with reading difficulties relative to the 
control group (Smart et al., 2017), and 87% of youth with disabilities who were not in school or 
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employed had a mental health-related disability, an LD, or both (Easter Seals, 2019). 
Consequently, there are substantial economic implications. The majority of LD costs (61.4%) 
fall on individuals with LDs and their families, with the rest falling on public programs and 
private sector insurers (Crawford, 2007). Research into the direct and indirect costs of LDs found 
that the simple incremental cost (i.e., the differences in the direct/indirect costs of those with and 
without LDs) from birth to retirement was approximately $3.08 trillion, which was about $1.982 
million per person (Crawford, 2007). The same report found that the “present value” (i.e., the 
value that a future sum of money is worth now) in year 2000 dollars totaled $707 billion, which 
was about $455,208 per person (Crawford, 2007). While the estimates of those living with LDs 


























2.0 Learning Disabilities and Mental Health 
2.1 Overview 
Learning disabilities impact individuals in a variety of ways, including academically, 
socially, and emotionally. A plethora of studies have found an increased risk of mental illness, 
such as stress, anxiety, depression, and suicide in those with LDs (Francis et al., 2019). 
Moreover, those with LDs had a 2.6 times greater odds of reporting self-assessed poor or fair 
mental health and a 3.3 times greater odds of seeing a professional for mental health reasons 
(Wilson et al., 2009). The mechanisms operating in the association between LDs and 
psychopathology are complex and multilevel, implicating genetic, neurophysiological, 
psychological, and environmental factors.  
A recent review of this association asserted the combination of genetic and environmental 
factors (Hendren et al., 2018). Still, the effect of a shared cognitive correlate was unclear, 
highlighting the need for greater inquiry into overlapping genetic etiologies (Hendren et al., 
2018). More well-founded, however, are the impacts of psychological and environmental factors 
on those with LDs, which may result in psychiatric comorbidity (Bonifacci et al., 2016; Hendren 
et al., 2018). One such consideration in the development of psychiatric disorders for individuals 
with LDs is socioemotional maladjustment (Haft, Chen, et al., 2019). Individuals with LDs have 
displayed greater impairment on scores of clinical maladjustment and emotional symptoms 
compared to those without LDs (Martínez & Semrud-Clikeman, 2004), which relates to previous 
literature regarding challenges with social skills, such as poor ability to recognize social cues 
(Thaler et al., 2010). A study on college students with LDs, ADHD, and combined LD/ADHD 
found that they rated themselves lower in academics and psychosocial status (i.e., popularity, 
social self-confidence) and also reported more school disengagement, substance use, and 
emotional difficulties (i.e., felt overwhelmed, depressed) compared to their peers without 
disabilities (DuPaul et al., 2017). These challenges are further complicated by school failure and 
bullying, which have been associated with anxiety and depression (Baumeister et al., 2008; 
Carroll & Iles, 2006; Willcutt & Pennington, 2000). 
With consideration of the risk/resiliency framework discussed in Morrison et al. (1997), 
resilience plays a role in the correlation between disease burden and mental health (Mannino, 
2015; Morrison & Cosden, 1997). For instance, self-esteem and self-understanding were shown 
to be protective for emotional adjustment, and self-esteem has been shown to account for 23% of 
the variation in depression risk in those with LDs (Phetcharat et al., 2012). As resilience is 
influenced by external factors, such as familial stress during childhood or adolescence (Valdez et 
al., 2013), it becomes increasingly clear that social support by family, friends, and other care 
providers is critical for the mental health of emerging adults with disabilities (Raskind et al., 
1999).  
2.1.1 Depression 
Depression has been associated with LDs across various age groups, especially for children 
and adolescents in school settings. In a meta-analysis on depression scores in students with LDs, 
there was a significant positive relationship [d = 0.35, 95% CI (0.27, 0.43)] when compared to 
students without LDs; however, there was significant heterogeneity across studies (Maag & 
Reid, 2006). Children with reading disorder also had higher depressive symptom scores 
compared to those with nonverbal LDs and typical development (Mammarella et al., 2016). In a 
nationally representative study of adolescents, LDs were associated with emotional distress [odds 
ratio (OR) = 1.89] and suicide attempts (OR = 1.67) (Svetaz et al., 2000). A later study on 
Canadian adolescents and adults had similar findings with a 2.8, 2.4, and 2.9-fold odds of 
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reporting high distress, depressive episodes, and suicidal thoughts, respectively, compared to 
those without LDs (Wilson et al., 2009). The positive association between LDs and depression 
was maintained in adulthood when compared to adults without LDs (d = 0.27, p<0.001) (Klassen 
et al., 2013).  
2.1.2 Anxiety 
Many studies have shown an association between LDs and anxiety. A meta-analysis of 
anxious symptomatology in kindergarten to grade 12 students found a statistically significant 
positive relationship (d = 0.61), although there was considerable heterogeneity and the potential 
for publication bias (I2 = 81.79%) (Nelson & Harwood, 2011). The association was not 
supported in a study on general anxiety scores in youth with LDs and/or ADHD when compared 
to those without (Haft, Chen, et al., 2019). However, the subtype of anxiety may be related to the 
type of LD as a study on specific anxiety scores found that symptoms of the social anxiety 
subtype were higher in children with reading disorder and nonverbal LD compared to children 
with typical development, while children with nonverbal LD scored higher in the separation 
anxiety and school anxiety subtypes compared to the groups with reading disorder and typical 
development (Mammarella et al., 2016). Nevertheless, a study on adolescents and adults founds 
that those with LDs had a 2.4-fold odds of reporting anxiety disorders compared to those without 
LDs (Wilson et al., 2009). The positive association was maintained in adulthood, as found in a 
meta-analysis of adults with LDs, which found a significantly higher amount had anxiety 
compared to those without LDs (d = 0.43, p<0.001) (Klassen et al., 2013). 
2.1.3 Comorbid Learning Disabilities and Mental Illness 
The mental health of those with LDs may be related to whether they have an isolated LD 
or a combination of LDs. In a study on emotional adjustment and school functioning in 
adolescents with one or multiple LDs, those with multiple LDs demonstrated significantly higher 
scores on measures of clinical maladjustment, emotional symptoms index, school maladjustment, 
attitude to school, and sense of inadequacy, as well as poorer scores on clinical scales of 
depression and atypicality compared to those who were typically achieving; there were no 
significant differences compared to those with a single LD (Martínez & Semrud-Clikeman, 
2004). Another study found that a higher percentage of individuals with reading disorder, 
mathematics disorder, or combined were more likely to have conduct disorder; those with 
combined disorders had a higher rate of depression; and those with mathematics disorder were 
more likely to be associated with substance use (Willcutt et al., 2019). Moreover, those with 
combined reading disorder and mathematics disorder had a higher rate of depression, while those 
with mathematics disorder were more likely to display alcohol misuse or cannabis use (Willcutt 
et al., 2019). The association between LDs and mental illness was further supported in a recent 
study (Visser et al., 2020). 
Students with LDs and ADHD represent the largest proportion of students with disabilities 
(Gregg, 2009). In those with reading disorder, there was a higher likelihood of meeting 
diagnostic criteria for ADHD (Willcutt & Pennington, 2000). Additionally, the associations 
between reading disorder and oppositional disorder, conduct disorder, and aggression were 
mediated by ADHD (Willcutt & Pennington, 2000) Although there was a significant association 
between reading disorder and anxiety and depression symptoms when controlling for ADHD 
(Willcutt & Pennington, 2000; Wilson et al., 2009), it must be noted that comorbid LDs and 
ADHD resulted in greater odds of poor mental health outcomes when compared to those with 
LDs alone (Wilson et al., 2009). However, there was not a significant difference in anxiety or 
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depression between college students with dyslexia, ADHD, or comorbid dyslexia/ADHD 
compared to each other or to those without either condition (Nelson & Gregg, 2012). 
Substance use disorders are also prevalent in individuals with LDs. In a study on adolescents, 
those with LDs were at an increased risk for substance use disorders compared to those without 
(Beitchman et al., 2001). However, when the substance was alcohol, there were not significant 
differences in use between those with and without LDs (Maag et al., 1994; McNamara et al., 
2008). The association between LDs and substance abuse is also present in those with ADHD, 
which is closely linked with LDs (Daw, 2001). Those with LD and comorbid LD/ADHD 
reported more smoking and marijuana use – but not hard drug use – compared to those without 
LDs (McNamara et al., 2008); yet, psychosocial factors (i.e., maternal relationship, engagement 
in school and extracurricular activities, etc.) were partial mediators in the relationship between 
LD or LD/ADHD and risk-taking activities (McNamara et al., 2008). First-year college students 
with LD, ADHD, or comorbid LD/ADHD had greater substance use than their peers without 
disabilities, which was significantly higher in the groups with ADHD compared to LD alone 
(DuPaul et al., 2017). The increased risk for substance use disorder in those with LDs was 
maintained in adulthood (Cederlöf et al., 2017).  
2.2 Learning Disabilities Over the Lifespan 
As LDs are typically diagnosed when individuals are in school, most studies investigate 
the relationship between LDs and mental health in school-aged youth. Psychopathology in 
children and adolescents with LDs has been attributed to academic difficulties and social 
pressures (Raskind et al., 1999). Considering that LDs persist throughout life, there are 
implications for the mental health of adults with LDs as they are faced with lower postsecondary 
educational attainment, higher unemployment, and the loss of their support system (Aro et al., 
2019; Gerber, 2012; Undheim, 2003). In those with LDs, there was a positive association 
between age and symptoms of mental illness, compared to an unclear age trend across different 
mental health variables in those without LDs (Wilson et al., 2009). First and second-year college 
students with dyslexia, ADHD, or comorbid dyslexia/ADHD displayed more depression and 
anxiety symptoms compared to transitioning high school students (Nelson & Gregg, 2012). A 
meta-analysis on internalizing problems in adults with LDs found a positive overall effect size (d 
= 0.51, p<0.001), which was not moderated by school status (Klassen et al., 2013). When studies 
were aggregated by age, it was found that those grouped into early adulthood (i.e., those <30 
years) had more internalizing problems than those in middle adulthood (30+ years) (Qb(1) = 
11.74, p<0.001) (Klassen et al., 2013). In a recent study investigating those classified with LDs 
in childhood mental health, it was determined that a higher proportion of those with LDs 
received sickness allowance or disability pensions and reimbursement for psychoactive 
medication expenses compared to those without LDs in adult-age (20-39 years) (Aro et al., 
2019), suggesting that LDs contribute to later-life poor mental health outcomes. Although much 
less is known about adults with LDs, and there are few longitudinal investigations, it appears that 
mental illness remains a concern into adulthood.  
2.3 Sex Differences and Mental Health in People with Learning Disabilities 
Sex differences in the mental health of those with LDs have often demonstrated that 
females are more likely to have symptoms of mental illness, as well as a tendency towards 
internalizing symptoms. Females with LDs were found to have a higher likelihood of distress, 
depression, anxiety disorders, professional consultation, suicidal thoughts, and self-assessed poor 
or fair mental health compared to males (Wilson et al., 2009). In a study on twin youth with 
9 
 
reading disorder, females showed internalizing behaviours, such as depressive symptoms, 
somatic complaints, and withdrawn behaviours, compared to males who showed more 
externalizing behaviours, such as ADHD and/or aggression (Willcutt & Pennington, 2000). In 
teenagers with dyslexia, females exhibited moderate depression compared to minimal depression 
in males (Alexander-Passe, 2006), which was supported in a study on college students (Nelson & 
Gregg, 2012). Similarly, females with LDs demonstrated a higher likelihood of attempting 
suicide (9%) versus males with LDs (4%) and females without LDs (5%), as well as a higher 
odds of suicide in females (OR = 1.84) compared to males (OR = 1.43) (Svetaz et al., 2000).  
Sex-based differences in mental illness may be related to divergent sources of stress and 
coping mechanisms (Petersen et al., 1993). Females with dyslexia have shown lower self-esteem 
scores compared to males (Alexander-Passe, 2006), as well as higher stress from peer 
interaction, teacher interaction, and academic self-concept scores compared to higher academic 
stress in males with dyslexia (Alexander-Passe, 2008). Manifestations of stress in females with 
dyslexia were highest in the behavioural category, which assesses actions, reactions, or 
behaviours towards others; on the contrary, males scored the highest in the emotional (fear, 
shyness, and loneliness) and physiological (nausea, tremors, or rapid heart rate) categories 
(Alexander-Passe, 2008). Moreover, females with dyslexia use more emotional and avoidance-
based coping, and males use task-based coping (Alexander-Passe, 2006). In totality, LDs 
manifest differently across the sexes, resulting in unique mental health challenges that may 
suggest the need for specific treatment approaches. 
2.4 Summary of Learning Disabilities and Mental Health 
Beyond definitional inconsistencies and diverse challenges with implications for education, 
employment, and income, there is a demonstrated association between LDs and mental illness. 
Individuals with LDs experience a heightened risk of stress, substance use disorders, anxiety, 
depression, and suicide compared to those without LDs. Additionally, there is evidence to 
suggest that symptoms of mental illness manifest differently among males and females and 
across different age groups, as well as among those with co-occurring LDs or other types of 
mental illness. However, these associations are not yet conclusive. Further research into the 
mental health of those with LDs is essential to inform diagnosis and prevention strategies across 













Emerging adulthood is a new developmental period from ages 18-29 years, first coined in 
2000, to address the delayed entrance into adulthood that resulted from significant societal 
changes between the 1960s and 1970s – the Technology Revolution, the Sexual Revolution, the 
Women’s Movement, and the Youth Movement (Arnett, 2014). Emerging adulthood is defined 
by five common characteristics: identity exploration, instability, self-focus, feeling in-between, 
and possibilities/optimism (Arnett, 2014). This period has shown increased substance use 
experimentation compared to adolescence (Macleod & Brownlie, 2014; Wood et al., 2018), as 
well as substantial mental illness while facing gaps in insurance coverage (Norona et al., 2014). 
Although the presence of an LD is a risk factor for mental illness, the association between LDs 
and mental illness in emerging adults is unclear. Studies on the mental health of those with LDs 
have found that few individuals reach “clinical severity” for their respective mental illness 
(Morrison & Cosden, 1997), which may contribute to a lower likelihood for mental health-
related treatment in those with less severe LDs. However, to detect symptoms of depression and 
anxiety, psychological distress has been used in the general population. Defined as “a set of 
painful mental and physical symptoms that are associated with normal fluctuations of mood in 
most people” (American Psychological Association, n.d.), predictors of psychological distress 
include sex, income, education, physical health, and social support (Canadian Institute for Health 
Information, 2012). Yet, psychological distress has not been well-studied in emerging adults 
with LDs. Considering that emerging adults with LDs experience the loss of their school-based 
support system when transitioning from secondary school to higher education or the workplace, 
there is an increased need for resources, support, and advocacy for those with LDs (Ascherman 
& Shaftel, 2017). As such, the first two aims of this investigation were to illuminate mental 
illness by investigating psychological distress in emerging adults with LDs at a population level. 
The study findings may help inform interventions that consider the relevant mental health 
implications. 
There are differences across this developmental period when considering the characteristics 
that mark emerging adulthood. As these individuals navigate their education, employment, and 
long-term partnerships, those aged 18-25 years relate more to identity explorations, instability, 
and self-focus than those aged 26-29 years, with a decreasing trend of feeling in-between as age 
increases (Arnett, 2014). Emerging adults of both sexes prioritize education and careers (Arnett, 
2014), but women who want children tend to makes career choices that are conducive to 
motherhood, as well as desire having children earlier than men (Norona et al., 2014). Moreover, 
these transitions are further complicated in emerging adults with ADHD, who experience 
delayed transition into adulthood (Baggio et al., 2019), as well as greater challenges in higher 
education and the workplace (Abecassis et al., 2017). Age, sex, and comorbidities may elucidate 
heterogenous challenges that have mental health implications in emerging adults, especially in 
those with LDs. However, the impact of age, sex, ADHD, and World Health Organization 
Disability Assessment Schedule (WHODAS) 2.0 – a measure of health and disability (World 
Health Organization, 2018) – on the association between LD and mental illness in emerging 
adults is not yet known. These characteristics help inform direct and specific treatment of mental 
illness in those with LDs. Therefore, the final aim of this study was to examine the modification 
of age, sex, ADHD, and WHODAS 2.0 scores on the association between LDs and mental illness 
in emerging adults in order to support previous findings and inform targeted interventions.   
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4.0 Research Questions 
 With the current knowledge gaps in the literature, the research questions and hypotheses 
for this study are: 
1) Do emerging adults with LDs have higher psychological distress scores, as measured 
using the Kessler Psychological Distress Scale (K6), compared to those without LDs? 
It was hypothesized that emerging adults with LDs would have higher psychological distress 
scores than individuals without LDs. 
2) Are emerging adults with LDs more likely to meet the clinical cut-point for serious 
mental illness, as measured by the Kessler Psychological Distress (K6) score, compared 
to those without LDs?  
It was hypothesized that emerging adults with LDs would have a higher odds of having K6 
scores at or above the clinical cut-point of 13 that has been applied to the general population.  
3) Does age, sex, ADHD and/or WHODAS 2.0 scores modify the association between LDs 
and psychological distress scores? 
Modification by age was postulated with the 20-24-year age group demonstrating the highest 
scores as they transition to higher education or the workplace. Likewise, as females typically 
display more symptoms of anxiety and depression than males (Nelson & Gregg, 2012), it was 
hypothesized that sex would modify this relationship such that females would have higher 
distress scores compared to males. It was also predicted that the presence of ADHD would 
modify the association such that the association between LD and psychological distress would be 
stronger compared to those without ADHD. Lastly, as WHODAS 2.0 scores measure 
physical/mental impairment, it was predicted that severity of impairment would modify the 















5.1 Study Population 
The current project was secondary data analysis of the 2012 Canadian Community Health 
Survey – Mental Health (CCHS-MH) data set, a Canada-wide survey completed by Statistics 
Canada. The CCHS-MH utilized a cross-sectional study design to collect data on mental health, 
mental health and substance use disorders, and service utilization (Statistics Canada, 2013). 
Inclusion criteria were Canadians aged 15 years or over in each of the ten provinces, and 
exclusion criteria were peoples living on Indigenous reserves, full-time members of the Canadian 
Forces, and institutionalized individuals (Statistics Canada, 2013). Using the area frame from the 
Canadian Labour Force Survey as the sampling frame, a three-stage sampling design was 
conducted: 1) geographical and/or socioeconomic strata were created and six clusters were 
selected using the probability proportional to size method; 2) households within each cluster 
were systematically selected; and 3) one participant from all eligible members of a household 
was randomly selected using a computer application that accounted for each individual’s 
selection probability (Statistics Canada, 2013). Of the 36,443 households, 29,088 (79.8%) agreed 
to participate, resulting in 25,113 (86.3%) study participants. As such, the combined household 
and individual response rate was 68.9% (Statistics Canada, 2014a). Data collection took place 
between January and December 2012 in six two-month collection periods using computer 
assisted personal interviewing, a type of computer-assisted interviewing (Statistics Canada, 
2013).   
5.2 Analytic Sample 
Given the complex survey design of the CCHS-MH, the data were weighted to account for 
how many Canadians each participant represented, in turn allowing for population-level 
interpretations. The weighting was multi-step and adjusted for out-of-scope dwellings and non-
respondents through removal and reallocation of survey weights (Statistics Canada, 2013). 
Finally, “winsorization” trimming and calibration were completed to limit the effect of outliers 
and calibrate the population estimates according to the provincial levels (Statistics Canada, 
2013). The study sample for this investigation included participants between 15-29 years of age 
(n = 5630). As such, those with missing data on K6 scores were excluded (n = 26). Refer to 
Table 1 for predictors of missing K6 scores (Appendix A).  
5.3 Measures 
5.3.1 Learning Disability 
The primary exposure for all research questions was self-reported identification of an LD 
diagnosis by a health professional that was expected to last or has already lasted six months or 
more via the survey question: “Do you have a learning disability” (Statistics Canada, 2014a). 
Participants who responded “yes” or “no” in the survey were included in the analyses (n = 5629), 
and those who answered “don’t know,” “refusal,” or “not stated” were excluded (n = 1). Self-
reported data on dyslexia have shown to be useful in place of objective tests (Schulte-Körne et 
al., 1997), and computer interviewing may minimize underreporting of sensitive topics compared 
to traditional interview practices (Waterton & Duffy, 1984). 
5.3.2 Psychological Distress 
For all three research questions, the outcome of interest was psychological distress using the 
Kessler Psychological Distress Scale (K6) scores (n = 5604), excluding those with K6 scores 
“not stated” (n = 26). The K6 is a shortened version of the K10, both of which measure 
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nonspecific distress over a one month period to identify those with serious mental illness, as 
reflected in the DSM-IV criteria for major depression and generalized anxiety disorder (R. C. 
Kessler et al., 2002). With administration around two minutes in duration, the K6 ascertains how 
often participants feel nervous, hopeless, restless or fidgety, so depressed that nothing could 
cheer them up, that everything was an effort, and worthless, as well as assesses the frequency of 
these feelings compared to normal, whether or not they impacted work or daily activities, how 
often professional help was sought out, and whether a physical health problem was the main 
cause (K10 and K6 Scales, 2005). Using a five-point Likert scale, each of the six items are coded 
from zero (none of the time) to four (all of the time) and then summed to result in a final score 
between 0 and 24. A cut-point of 13 is used when analyzing the general population, with scores 
≥13 indicating probable serious mental illness (K10 and K6 Scales, 2005; Ronald C. Kessler et 
al., 2003). The K6 has demonstrated excellent internal consistency (Cronbach’s alpha = 0.89) (R. 
C. Kessler et al., 2002) and has successfully predicted serious mental illness in several 
epidemiological studies (Ferro, 2019; Kang et al., 2015), including in emerging adults (Bessaha, 
2017).  
5.3.3 Health and Psychosocial Factors 
Health covariates included self-reported identification of ADHD diagnosis; past 12-month 
medication use for emotions, mental health, alcohol, or drug problems; a derived variable on 
help received in the past 12 months; the WHODAS 2.0 score; lifetime substance use disorder; 
lifetime major depressive episode; and lifetime generalized anxiety disorder. Throughout the 
survey, respondents were reminded to report conditions diagnosed by a health professional that 
were expected to last or had already lasted for six months or more. Attention 
deficit/hyperactivity disorder was recorded by self-report of a diagnosis (n = 5626), with 
categorical responses “yes,” “no,” “don’t know,” “refusal,” or “not stated” (Statistics Canada, 
2014a). Past-year medication usage was measured by asking participants if they had taken 
medication to help with problems with emotions, mental health, alcohol, or drugs in the past 12 
months (n = 5624), with respondents answering “yes,” “no,” “don’t know,” or “refusal” 
(Statistics Canada, 2014a). The derived variable of help received in the past year for problems 
with emotions, mental health, or use of alcohol or drugs encompassed help received via 
information, medication, counselling/therapy, other or none (n = 5617), and it was coded as 
“yes,” “no,” or “not stated” (Statistics Canada, 2014b). The 12-item WHODAS 2.0 scores were 
used to assess previous-month health and disability across cultures and in general and clinical 
settings (WHO Disability Assessment Schedule 2.0 (WHODAS 2.0), 2018). In the CCHS-MH (n 
= 5607), this variable was derived from scores that range from 0 (no disability) to 100 (full 
disability) and was coded as “lowest recordable degree of disability” to “40 or more (high degree 
of disability),” or “not stated” (Statistics Canada, 2014b). The WHODAS 2.0 is a valid and 
reliable measure of disability in youth (Kimber et al., 2015), including in those with or without 
physical or mental conditions (Tompke et al., 2018). Two recent systematic reviews confirmed 
its strong psychometric properties (Federici et al., 2017), which included high internal 
consistency (α = 0.81-0.96) and good test-retest reliability (ICC: 0.77-0.88) (Saltychev et al., 
2019). In the CCHS-MH, lifetime any substance use disorder, major depressive episode, and 
generalized anxiety disorder criteria were based on the World Health Organization Composite 
International Diagnostic Interview (WHO-CIDI) 3.0, an internationally-used tool that has 
demonstrated adequate validity and excellent reliability in assessing 12-month and lifetime 
symptoms of mental illness (G Andrews & Peters, 1998). Any substance use disorder 
encompassed both drugs and alcohol, and it was coded as “yes,” “no,” or “not stated” (Statistics 
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Canada, 2014a). Similarly, both lifetime major depressive episode and generalized anxiety 
disorder were coded as “yes,” “no,” or “not stated” (Statistics Canada, 2014a). Participants coded 
as “yes” or “no” will be included (substance use disorder: n = 5532; major depressive episode: n 
= 5612; generalized anxiety disorder: n = 5604).  
An additional grouping of psychosocial covariates included Social Provisions Scale (SPS) – 
10 scores and whether the respondent had any family members with emotions, mental health, 
alcohol, or drug problems. SPS-10 is a shortened version of the 24-item SPS that measures 
perceived availability of social support via five social provisions: emotional support or 
attachment, social integration, reassurance of worth, reliable alliance, and guidance (Cutrona & 
Russell, 1987; Orpana et al., 2019). Each question is coded using a four-point Likert scale from 
one (strongly disagree) to four (strongly agree) and is then summed to give a value between 10 
and 40, where higher scores represent higher social support (Orpana et al., 2019). In the CCHS-
MH, those without scores are labeled “not stated” (n = 88). The SPS-10 has demonstrated 
excellent concurrent validity (r = 0.93, p<0.001), internal consistency (α = 0.88), and construct 
validity (95% predictive power) (Caron, 2013), and it has been utilized in various 
epidemiological surveys (Orpana et al., 2019). The survey question corresponding to family 
members’ emotional, mental health, alcohol or drug problems is a categorical variable that was 
recorded by asking participants “Do any of your family members have problems with their 
emotions, mental health, or use of alcohol or drugs?” (n = 5526) with responses “yes,” “no,” “no 
family members,” “don’t know,” or “refusal” (Statistics Canada, 2014a). Both variables are 
implicated in mental illness; social support is considered an important aspect in the “success and 
failure” of those with LDs (Nalavany et al., 2011), and there is an increased risk for mental 
illness when an individual has family members who have mental illness or they live in an 
environment that contains substance abuse (WHO Secretariat for the development of a 
comprehensive mental health action plan, 2012). 
5.3.4 Demographic Factors 
Demographic characteristics included in the analyses were age, sex, respondent’s current 
school status (attending school, college, CEGEP, or university at time of survey), and total 
household income from all sources. In the CCHS-MH, age was recorded by asking participants 
their age, and then creating a categorical variable by grouping them into five-year age increments 
(Statistics Canada, 2014a). The emerging adults in this study were the 15-19-, 20-24-, and 25-29-
year age groups (n = 5630). Sex was recorded by asking participants if they were male or female 
(n = 5630), which was subsequently coded as a binary categorical variable (Statistics Canada, 
2014a). School status was determined by asking participants if they were currently attending 
school, college, CEGEP, or university (n = 5615), and it was coded as a categorical variable with 
responses “yes,” “no,” “don’t know,” “refusal,” or “not stated” (Statistics Canada, 2014a). Total 
household income was a derived categorical variable (n = 5622) with responses “no income or 
less than $20,000,” “$20,000-$39,999,” “$40,000-$59,999,” “$60,000-$79,999,” “$80,000 or 
more,” or “not stated” (Statistics Canada, 2014b).    
5.4 Statistical Methods 
5.4.1 Overview 
SAS software version 9.4 (SAS Institute Inc., Cary, NC) was used to complete the analyses. 
All analyses incorporated the normalized sampling weight (WTS_N), which was calculated by 
dividing the master sampling weight (WTS_M) by the average of the master sample weight (?̅? =







Due to the survey nature of the CCHS-MH data, survey weights were used in order to infer at 
the population level (Statistics Canada, 2013). Although the use of sample weights has been 
debated, it was determined that using SAS SURVEY procedures would produce the most accurate 
estimates (Cassell, 2006; Wells, 2017). 
5.4.2 Analyses 
5.4.2.1 Sample Characteristics 
Univariate analyses were completed for the outcome and all predictors. PROC 
SURVEYMEANS was used for numerical variables and PROC SURVEYFREQ was used for 
categorical variables. As previously mentioned, the outcome variable of continuous K6 scores 
was not normally distributed, as indicated by the distribution. Thus, the scores were log-
transformed to more closely approximate a normal distribution (Figures 1-2).  
 
Figure 1: Distribution of Continuous K6 Scores Prior to Log Transformation 
 
Figure 2: Distribution of Log-Transformed K6 Scores 
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Bivariate analyses were conducted for those with and without LDs using the SURVEYFREQ 
procedure for categorical variables and the SURVEYREG procedure for continuous variables. 
Rao-Scott χ2 tests were calculated for categorical variables and t values were produced for 
comparison of means across each group. In assessing for multicollinearity, variance inflation 
factor and tolerance were calculated from the R2 scores that were produced from regressing LD 
status on all other independent variables. 
5.4.2.2 Objective One 
For the first research question, multiple linear regression was completed using the 
SURVEYREG procedure. The crude model (Appendix C: Model 1) used the binary LD variable as 
the exposure and the log-transformed K6 scores as the continuous outcome. In three steps, 
demographic, psychosocial, and health covariate blocks were included in the model, respectively, 
to ascertain the relative contribution of each grouping (Appendix C: Models 2-4). The full model 
was used to examine the association between psychological distress scores on those with and 
without LDs. Model fit was assessed by evaluating the R2 and residuals.  
5.4.2.3 Objective Two 
To investigate the clinical importance of the association between LDs and K6 scores, 
logistic regression was completed using the SURVEYLOGISTIC procedure. The crude model 
(Appendix C: Model 5) used the binary LD variable as the exposure, and the outcome was a 
derived binary variable of K6 scores (i.e., scores <13 or ≥13). Similar to the first research 
question, demographic, psychosocial, and health covariate blocks will be included in three 
consecutive steps to ascertain the relative contribution of each grouping (Appendix C: Models 6-
8). The full model was used to examine the association between LDs and binary K6 scores. 
Model fit was assessed by evaluating the C-statistic.  
5.4.2.4 Objective Three 
To investigate effect modification by age, sex, ADHD status, and WHODAS 2.0 scores, 
stratified linear and logistic regression analyses were completed. For WHODAS 2.0 scores, a 
binary variable was created to delineate those within the top tenth percentile (i.e., clinically 
significant disability) (Gavin Andrews et al., 2009). Multiple linear regression was completed 
using the SURVEYREG procedure with the crude and adjusted (full) models that contained the 
log-transformed continuous outcome (Appendix C: Models 1 and 4). Logistic regression was 
completed using the SURVEYLOGISTIC procedure with the crude and adjusted (full) models that 
contained the binary K6 outcome (Appendix C: Models 5 and 8).  
5.5 Ethics Approval and Data Access 
 In accordance with the Tri-Council Policy Statement: Ethical Conduct for Research 
Involving Humans, usage of the CCHS-MH did not require ethics approval as it is a publicly 






6.1 Univariate Analyses 
Univariate statistics are displayed in Table 1. Of the survey respondents between 15-29 
years of age with complete data, the weighted frequency of those with LDs was approximately 
421 (7.5%). The age, sex, and school status variables displayed a similar distribution across the 
levels (Table 1). A trend across income was present where the frequency increased with 
increasing income. Approximately 38% of respondents had a family member(s) with emotions, 
mental health, alcohol, or drug problems. The weighted mean [standard error (SE)] for the Social 
Provisions Scale-10 scores was 36.53 (0.09), indicating, on average, high perceived social 
support. The weighted mean (SE) for the continuous WHODAS 2.0 score was 4.25 (0.16), 
demonstrating low impairment, on average. For emotions, mental health, alcohol, or drug 
problems, 6.7% of respondents identified using medication in the past 12 months, while 15.9% 
reported receiving help (i.e., information, medication, counseling/therapy, other) in the past 12 
months. Additionally, 5.5% of the sample reported having ADHD. Respondents who reported 
lifetime major depressive episode, lifetime generalized anxiety disorder, or lifetime any 
substance use disorder composed 10.6%, 6.9%, and 22.9% of the sample, respectively. The mean 
(SE) of the log-transformed K6 score was 1.3 (0.02), and 2.8% of the sample had scores equal to 



















Table 1: Univariate Study Sample Characteristics (n = 5630) 
Characteristics N(%) or Mean(SE) 
Age (years) 
   15-19 years  
   20-24 years 






   Female 
 
2661 (47.3%) 
Currently attending school, college, CEGEP, or university 2667 (47.7%) 
Income 
   No income or <$20,000  
   $20,000-39,999 
   $40,000-59,999 
   $60,000-79,999 







Has a Learning Disability 421 (7.5%) 
WHODAS 2.0 scores 4.3 (0.2) 
Has ADHD 311 (5.5%) 
Used Medication in Past 12 Months for Emotions, Mental Health, Alcohol 
or Drug Problems 
377 (6.7%) 
Received Help in Past 12 Months for Emotions, Mental Health, Alcohol or 
Drug Problems 
892 (15.9%) 
Has Family Member with Emotions, Mental Health, Alcohol or Drug 
Problems 
2098 (37.8%) 
SPS-10 scores 36.5 (0.1) 
Lifetime Any Substance Use Disorder 1273 (22.9%) 
Lifetime Major Depressive Episode 596 (10.6%) 
Lifetime Generalized Anxiety Disorder 387 (6.9%) 
Kessler Psychological Distress Scale 3.7 (3.5) 
Log-transformed Kessler Psychological Distress Scale 1.3 (0.02) 
Kessler Psychological Distress Scale Scores ≥13 159 (2.8%) 
SE = Standard Error 
6.2 Bivariate Analyses 
Bivariate exploratory data analyses are displayed in Table 2. There was a significant 
difference across emerging adults with and without LDs in both outcome variables (log-
transformed K6 scores: p<.001; binary K6 scores: p<.001). Individuals with LDs displayed a 
higher mean score (1.6 vs. 1.3) and had a greater proportion with scores greater than or equal to 
the cut-point of 13 (7.0% vs. 2.5%). The association between LD status and all predictors were 
statistically significant at 𝛼=0.05, except for age (p=0.259) and school status (p=0.323); 
however, they were retained in the regression analyses as they were considered theoretically 
important in the association between LDs and psychological distress scores.  
6.2.1 Demographic variables  
In those with LDs, the 15-19-year category was higher (40.3%) than the 20-24 and 25-29 
year age groups, while those without LDs had a similar distribution across age groups. Among 
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those with LDs, the percentage of males (63.1%) was approximately two times that of females 
(36.9%), compared to a similar distribution in those without LDs. The income percentages 
demonstrate that those with LDs have higher proportions in the three lowest income brackets, 
compared to those without LDs who displayed an increasing trend across income brackets.  
6.2.2 Psychosocial variables 
The Social Provisions Scale-10 scores displayed relatively similar means (35.3 vs. 36.6) in 
those with and without LDs, although there was a statistically significant difference (p<.001). In 
those with LDs, 45.9% reported having a family member(s) with emotion, mental health, alcohol 
or drug problems, compared to 37.2% in those without LDs.  
6.2.3 Health variables  
The WHODAS 2.0 mean score in those with LDs was higher compared to those without LDs 
(8.0 vs. 3.9). Those with LDs displayed 35% comorbidity with ADHD, which was substantially 
higher than those without LDs (3.1%). In addition, individuals with LDs had reported higher past 
12-month medication use for emotions, mental health, alcohol, or drug problems (15.5% vs. 
6.0%), as well as a higher percentage of help received for emotions, mental health, alcohol, or 
drug problems (31.7% vs. 14.6%). Among emerging adults with LDs, 34.7% reported lifetime 
any substance use disorder, 17.4% reported lifetime major depressive episode, and 11.3% 
reported lifetime generalized anxiety disorder, while those without LDs reported 22.0%, 10.1%, 
and 6.6%, for lifetime substance use disorder, major depressive episode, and generalized anxiety 

















Table 2: Bivariate Study Sample Characteristics (n = 5630) 








N(%) or Least Squares Mean(SE) 
Demographic  
Age (years) 
   15-19 years 
   20-24 years 












   Female 








Currently attending school, college, 
CEGEP, or university 
184 (43.8%) 2482 (48.0%) 0.98 (0.323) 
Income 
    No income or <$20,000 
   $20,000-39,999 
   $40,000-59,999 
   $60,000-79,999 















WHODAS 2.0 score 8.0 (0.75) 3.9 (0.17) 5.37 (<.001)* 
Has ADHD 147 (35.0%) 164 (3.1%) 246.71(<.001)* 
Used Medication in Past 12 Months 
for Emotions, Mental Health, 
Alcohol or Drug Problems 
65 (15.5%) 311 (6.0%) 26.53 (<.001)* 
Received Help in Past 12 Months for 
Emotions, Mental Health, Alcohol or 
Drug Problems 
133 (31.7%) 758 (14.6%) 34.04 (<0.001)* 
Has Family Member with Emotions, 
Mental Health, Alcohol or Drug 
Problems 
189 (45.9%) 1909 (37.2%) 4.03 (0.045)* 
SPS-10 Scores 35.3 (0.35) 36.6 (0.09) -3.81 (<0.001)* 
Lifetime Any Substance Use 
Disorder 
142 (34.7%) 1130 (22.0%) 11.23 (0.001)* 
Lifetime Major Depressive Episode 73 (17.4%) 523 (10.1%) 8.32 (0.004)* 
Lifetime Generalized Anxiety 
Disorder 
47 (11.3%) 340 (6.6%) 5.63 (0.018)* 
Outcome  
Log-transformed Kessler 
Psychological Distress Scale 
1.6 (0.06) 1.3 (0.02) 5.48 (<.001)* 
Kessler Psychological Distress Scale 
Scores ≥13 
29 (7.01%) 129 (2.50%) 17.44 (<.001) 
SE = Standard Error; *p<0.05 
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6.3 Assessments for Multicollinearity  
All associations demonstrated high tolerance (i.e., >0.8) and low variance inflation factor 
values (i.e., <2.5), indicating no concern for multicollinearity (Table 3). Consequently, all 
variables were retained in the regression analyses.  
Table 3: Multicollinearity of Learning Disabilities and Independent Variables 
Bivariate Association Variance 
Inflation Factor 
Tolerance 
LD x Sex 1.0035 0.9965 
LD x Age 1.0016 0.9984 
LD x School Status 1.0005 0.9995 
LD x Income 1.0048 0.9952 
LD x Family member(s) with emotional, mental health, alcohol 
or drug problems 
1.0022 0.9978 
LD x SPS-10 Scores 1.0074 0.9927 
LD x WHODAS Scores 1.0151 0.9851 
LD x ADHD 1.0747 0.9305 
LD x Medication usage in past 12 months for emotions, mental 
health, alcohol, or drug problems 
1.0078 0.9923 
LD x Help received in past 12 months for emotions, mental 
health, alcohol, or drug problems 
1.0127 0.9875 
LD x Substance Use Disorder 1.0057 0.9943 
 
6.4 Regression Analyses 
6.4.1 Objective 1 
Linear regression analyses are displayed in Table 4. In the crude model (Model 1) between 
LD status and K6 scores, having an LD was associated with a 0.35 unit increase in the log-
transformed K6 score (p<.001). After controlling for the sociodemographic factors (Model 2), 
the estimate remained the same (β=0.35; p<.001). When psychosocial factors were adjusted for 
(Model 3), having an LD was associated with a 0.28 (p<.001) unit increase in the log-
transformed K6 score. When all covariates were included (Model 4), the unit change in the log-
transformed K6 scores was 0.10 for those with LDs, although the association was no longer 
statistically significant (p=0.149). Residual analyses for each regression model exhibited 









Table 4: Log-Transformed K6 Scores Regressed on Learning Disability 












Adjusted R2 0.01 0.03 0.12 0.26 
Intercept 1.27 (0.02) [<.001] 1.23 (0.04) [<.001] 2.81 (0.17) [<.001] 2.04 (0.17) [<.001] 
Has a learning disability 0.35 (0.06) [<.001] 0.35 (0.06) [<.001] 0.28 (0.06) [<.001] 0.10 (0.07) [0.149] 
Demographic 
Age (vs. 15 to 19 years) 
   20-24 years 
   25-29 years 
  
 
-0.01 (0.04) [0.811] 
-0.13 (0.05) [0.005] 
 
 
-0.01 (0.04) [0.784] 
-0.13 (0.04) [0.004] 
 
 
0.01 (0.03) [0.835] 
-0.09 (0.04) [0.029] 
Female  0.11 (0.03) [.001] 0.10 (0.03) [0.002] 0.09 (0.03) [0.004] 
Currently attending school, college, 
CEGEP, or university 
 0.03 (0.04) [0.486] 0.05 (0.03) [0.128] 0.11 (0.03) [0.001] 
Income (vs. $80,000 or more) 
   No income or <$20,000 
   $20,000-39,999 
   $40,000-59,999 
   $60,000-79,999 
  
-0.01 (0.09) [0.885] 
0.07 (0.05) [0.142] 
0.05 (0.05) [0.317] 
0.00 (0.05) [0.977] 
 
-0.11 (0.10) [0.267] 
-0.00 (0.05) [0.954] 
-0.02 (0.05) [0.708] 
-0.03 (0.05) [0.589] 
 
-0.16 (0.11) [0.151] 
-0.05 (0.04) [0.222] 
-0.01 (0.04) [0.767] 
-0.01 (0.04) [0.840] 
Psychosocial 




-0.05 (0.00) [<.001] 
 
-0.03 (0.00) [<.001] 
Has Family Member with Emotions, 
Mental Health, Alcohol or Drug 
Problems  
  0.28 (0.04) [<.001] 0.10 (0.03) [0.004] 
Health 
Used Medication in Past 12 Months for 
Emotions, Mental Health, Alcohol or 
Drug Problems 
    
0.15 (0.05) [0.004] 
Received Help in Past 12 Months for 
Emotions, Mental Health, Alcohol or 
Drug Problems 
   0.31 (0.04) [<.001] 
Has ADHD    0.09 (0.08) [0.278] 
WHODAS 2.0 Scores    0.03 (0.00) [<.001] 
Lifetime Substance Use Disorder    0.23 (0.04) [<.001] 
SE = Standard Error  
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6.4.2 Objective 2 
Logistic regression analyses are displayed in Table 5. In the crude model (Model 5) between 
LD status and binary K6 scores, the odds of having K6 scores above the cut-point was 2.95 
higher in those with LDs compared to those without (95% CI=1.74-4.99). After controlling for 
the sociodemographic factors (Model 6), the odds of having K6 scores above the cut-point 
remained higher in those with LDs compared to those without (OR=2.77, 95% CI=1.59-4.85). 
When psychosocial factors were adjusted for (Model 7), the odds of having K6 scores above the 
cut-point was 2.16 higher in those with LDs compared to those without (95% CI=1.15-4.09). 
After including all covariates (Model 8), the odds of having K6 scores greater than or equal to 
the cut-point was 17% higher in those with LDs compared to those without, although this 
association was not statistically significant (95% CI=0.60-2.27). The C-statistic values 























Table 5: Logistic Regression of Binary K6 Scores on Learning Disability 
 Model 5 
OR (95% CI) 
Model 6 
OR (95% CI) 
Model 7 
OR (95% CI) 
Model 8 
OR (95% CI) 
C-Statistic 0.56 0.68 0.83 0.92 
Has a learning 
disability 
2.95 (1.74, 4.99) 2.77 (1.59, 4.85) 2.16 (1.15, 4.09) 1.17 (0.60, 2.27) 
Demographic 
Age (vs. 15 to 19 
years) 
   20-24 years 




0.85 (0.50, 1.43) 




0.81 (0.45, 1.47) 




0.92 (0.48, 1.77) 
0.47 (0.23, 0.98) 
Female  1.88 (1.15, 3.06) 2.08 (1.24, 3.50) 1.90 (1.07, 3.38) 
Currently attending 
school, college, 
CEGEP, or university 
 1.82 (1.13, 2.92) 0.60 (0.35, 1.04) 0.65 (0.36, 1.17) 
Income (vs. $80,000 
or more) 
   No income or 
<$20,000 
   $20,000-39,999 
   $40,000-59,999 
   $60,000-79,999 
  
 
1.18 (0.52, 2.66) 
1.63 (0.93, 2.87) 
0.97 (0.55, 1.73) 
0.52 (0.26, 1.03) 
 
 
0.65 (0.24, 1.76) 
0.99 (0.55, 1.78) 
0.66 (0.35, 1.26) 
0.51 (0.25, 1.05) 
 
 
0.42 (0.10, 1.68) 
0.69 (0.34, 1.39) 
0.56 (0.28, 1.12) 
0.50 (0.21, 1.17) 
Psychosocial 




0.77 (0.74, 0.81) 
 
0.82 (0.78, 0.87) 
Has Family Member 
with Emotions, 
Mental Health, 
Alcohol or Drug 
Problems  
  2.78 (1.57, 4.94) 0.95 (0.48, 1.86) 
Health 
Used Medication in 
Past 12 Months for 
Emotions, Mental 
Health, Alcohol or 
Drug Problems 
    
1.49 (0.73, 3.03) 
Received Help in 
Past 12 Months for 
Emotions, Mental 
Health, Alcohol or 
Drug Problems 
   4.68 (2.40, 9.11) 
Has ADHD    1.10 (0.53, 2.31) 
WHODAS 2.0 Scores    1.10 (1.08, 1.12) 
Lifetime Substance 
Use Disorder 
   
 
1.70 (1.00, 2.90) 
OR = Odds Ratio; CI = Confidence Interval 
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6.4.3 Objective 3 
Stratified linear and logistic regression analyses were completed, and unadjusted and 
adjusted models are displayed in Tables 6-13.  
6.4.3.1 Age-Stratified Analyses 
The crude (unadjusted) estimate of effect was 0.35 (p<.001), and the adjusted estimate of 
effect was 0.10 (p=0.149) (Table 4). The unadjusted age strata all demonstrated statistically 
significant estimates. However, none of the age categories presented statistically significant 
results after adjustment for potential confounders. Thus, effect modification was present, as 
demonstrated by the difference in stratum-specific estimates, but the estimates were not 
statistically significant (Table 6). 
Table 6: Age-Stratified Analysis of Log-Transformed K6 Scores Regressed on Learning 
Disabilities 
Association  Estimate (P-value) 
Unadjusted Adjusted 
Has LD x 15 to 19 years 0.28 (0.001) 0.06 (0.523) 
Has LD x 20 to 24 years 0.28 (0.008) -0.02 (0.763) 
Has LD x 25 to 29 years 0.47 (0.001) 0.28 (0.088) 
The crude (unadjusted) OR for the association between LDs and the binary K6 outcome 
was 2.95 (1.74, 4.99), and the adjusted OR was 1.17 (0.60, 2.27) (Table 5). The unadjusted 
analyses stratified by age exhibited effect modification in all age categories, although the result 
of the 15-19-year age group was not statistically significant. When adjusted for potential 
confounders, stratification by age displayed effect modification, although the results were only 
statistically significant for the 15-19-year and 25-29-year age groups. More specifically, the OR 
in the 15-19-year age group indicated that there was a protective effect such that those in this age 
category were 82% less likely to have K6 scores above the cut-point. On the contrary, the OR in 
the 25-29-year age group found that LDs were more likely to have K6 scores above the cut-point 
(i.e., more likely to have “serious mental illness”) (Table 7). 
Table 7: Age-Stratified Analysis of Binary K6 Scores Regressed on Learning Disabilities 
Association  OR (95% CI) 
Unadjusted Adjusted 
Has LD x 15 to 19 years 1.06 (0.49, 2.32) 0.18 (0.04, 0.78) 
Has LD x 20 to 24 years 4.69 (1.93, 11.38) 2.00 (0.81, 4.93) 
Has LD x 25 to 29 years 4.40 (1.65, 11.77) 3.87 (1.05, 14.30) 
OR = Odds Ratio; CI = Confidence Interval 
6.4.3.2 Sex-Stratified Analyses 
 Similarly, the unadjusted linear association between LDs and log-transformed K6 scores 
demonstrated effect modification by sex, and the estimates were statistically significant. Upon 
inclusion of potential confounders, effect modification was still present, but the results were no 
longer statistically significant (Table 8).  
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Table 8: Sex-Stratified Analysis of Log-Transformed K6 Scores Regressed on Learning 
Disabilities 
Association  Estimate (P-value) 
Unadjusted Adjusted 
Has LD x Male 0.31 (0.000) 0.12 (0.240) 
Has LD x Female 0.44 (<.001) 0.05 (0.469) 
The unadjusted logistic regression analyses stratified by sex exhibited statistically 
significant effect modification. After adjustment for potential confounders, effect modification 
was present, but the OR was only statistically significant for males. Therefore, males with LDs 
were more likely to have K6 scores above the cut-point (Table 9). 
Table 9: Sex-Stratified Analysis of Binary K6 Scores Regressed on Learning Disabilities 
Association  OR (95% CI) 
Unadjusted Adjusted 
Has LD x Male 2.99 (1.33, 6.73) 2.39 (1.01, 5.67) 
Has LD x Female 3.38 (1.66, 6.88) 0.65 (0.24, 1.78) 
OR = Odds Ratio; CI = Confidence Interval 
6.4.3.3 Attention-Deficit/Hyperactivity Disorder-Stratified Analyses 
 The unadjusted linear association demonstrated effect modification by ADHD status, 
although the result was only statistically significant for the group with no ADHD. When 
potential confounders were adjusted for, effect modification was present, but neither group had 
statistically significant estimates (Table 10). 
Table 10: ADHD-Stratified Analysis of Log-Transformed K6 Scores Regressed on Learning 
Disabilities 
Association  Estimate (P-value) 
Unadjusted Adjusted 
Has LD x Has ADHD 0.04 (0.831) -0.08 (0.440) 
Has LD x Does not have ADHD 0.31 (0.000) 0.15 (0.068) 
The unadjusted logistic regression analyses stratified by ADHD found that effect 
modification was present, although the OR was only statistically significant in the those without 
ADHD. When adjusted for potential confounders, effect modification by ADHD was still 
present, but neither group produced statistically significant results (Table 11). 
Table 11: ADHD-Stratified Analysis of Binary K6 Scores Regressed on Learning Disabilities 
Association  OR (95% CI) 
Unadjusted Adjusted 
Has LD x Has ADHD 1.61 (0.53, 4.90) 3.00 (0.82, 11.00) 
Has LD x Does not have ADHD 2.64 (1.29, 5.38) 1.09 (0.47, 2.52) 
OR = Odds Ratio; CI = Confidence Interval 
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6.4.3.4 WHODAS 2.0-Stratified Analyses 
 The unadjusted linear association of LDs and log-transformed K6 scores stratified by 
scores ≥ the 90th percentile or < the 90th percentile (i.e., clinically significant disability) displayed 
effect modification, but the results were only statistically significant in the <90th percentile 
group. In the adjusted analyses, there was a difference across strata, but neither stratum showed 
statistically significant estimates (Table 12).  
Table 12: WHODAS 2.0-Stratified Analysis of Log-Transformed K6 Scores Regressed on 
Learning Disabilities 
Association Estimate (P-value) 
Unadjusted Adjusted 
Has LD x WHODAS 2.0 Scores ≥ 90th Percentile 0.17 (0.113) 0.05 (0.527) 
Has LD x WHODAS 2.0 Scores < 90th Percentile 0.28 (0.000) 0.16 (0.060) 
The unadjusted logistic regression between LDs and binary K6 scores demonstrated no 
effect modification when stratified by WHODAS 2.0 scores above or below the 90th percentile. 
However, effect modification was found after adjustment for potential confounders, but the ORs 
were not statistically significant (Table 13).  
Table 13: WHODAS 2.0-Stratified Analysis of Binary K6 Scores Regressed on Learning 
Disabilities 
Association OR (95% CI) 
Unadjusted Adjusted 
Has LD x WHODAS 2.0 Scores ≥ 90th Percentile 1.84 (0.94, 3.60) 1.66 (0.70, 3.94) 
Has LD x WHODAS 2.0 Scores < 90th Percentile 1.85 (0.69, 4.95) 0.78 (0.26, 2.33) 















The current study sought to examine the association between LDs and psychological 
distress in emerging adults to further elucidate the mental health of those with LDs. Few studies 
have considered emerging adulthood as a single population to explore this association. 
Considering it is well-documented that emerging adults are already at an increased risk for 
mental illness, such as anxiety, depression, and substance use disorders (Macleod & Brownlie, 
2014), the current study explored the combined impact of LDs and emerging adulthood on 
mental health.  
The study sample with LDs reflected previous North American data, including higher 
reports of LDs in males (Stanton-Chapman et al., 2001). Additionally, the proportion of the 
sample with ADHD, including comorbid LD and ADHD, was similar to previous findings 
(Abecassis et al., 2017; DuPaul et al., 2013), as were the proportions of major depressive 
episodes and generalized anxiety disorder (Hasin et al., 2018; Thaler et al., 2010). Unfortunately, 
prevalence rates of substance use disorder are unclear in those with LDs. Given the study sample 
who reported substance use disorder, major depressive episodes, and generalized anxiety 
disorder, higher proportions of reported past 12-month medication use and help received in those 
with LDs was unsurprising. However, an interesting discovery was that approximately half of 
emerging adults with LDs reported having a family member with emotion, mental health, 
alcohol, or drug problems, which may have implications not only for underlying genetic 
influences on their own mental health but also the quality of their support system.  
7.2 Objectives One and Two 
The hypothesis of objective one was confirmed: emerging adults with LDs displayed 
higher continuous log-transformed K6 scores than those without LDs. The impact of LDs on 
mental health was further supported in objective two, which used a derived binary K6 score and 
found that emerging adults with LDs were more likely to have K6 scores at or above the cut-
point where 13 identifies “serious mental illness” in the general population. Although these 
results were not statistically significant, they suggest clinically important increased 
psychological distress in those with LDs. Moreover, the results from objective one and two align 
with the bivariate analyses, as those with LDs had higher proportions of lifetime major 
depressive episodes and generalized anxiety disorder. These findings also support the previous 
work by Svetaz, Ireland, & Blum (2000), as well as the finding by Wilson et al. (2009), the latter 
of which utilized a derived variable for distress from K6 scores. There is little research on 
psychological distress specifically in those with LDs; however, psychological distress in 
populations with disabilities have been investigated. In a recent study, those with disabilities who 
had reported disability discrimination, disability avoidance (i.e., avoiding activities because of 
their disability), or both were over two times more likely to report psychological distress 
(Temple & Kelaher, 2018). While psychological distress would likely present differently in those 
with visible disabilities compared to invisible disabilities, it is evident that living with a disability 
creates additional challenges for navigating daily life, which may in turn affect mental health. 
Although the K6 has not been validated in those with LDs, this finding reinforces the abundant 
literature on the association between LDs and internalizing disorders.   
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7.3 Objective Three 
The hypothesis for objective three, which predicted the presence of effect modification, 
yielded mixed results. Effect modification was present in all adjusted models. Yet, there were no 
statistically significant effects in the moderation by age, sex, ADHD status, or WHODAS 2.0 
scores in the linear regression between LDs and continuous K6 scores. Stratification in the 
logistic regression between LDs and binary K6 scores found statistically significant ORs in 
males and for those aged 15-19 years or 25-29 years.  
7.3.1 Moderation by Age 
The findings suggest that there was a protective effect in the association between LDs and 
psychological distress within the youngest age category, while the association in the older age 
categories had the opposite direction of effect. Previous studies have identified differences in 
mental health outcomes for students in high school compared to students in college (Nelson & 
Gregg, 2012), where a major life transition occurs, so the difference in effect was anticipated. 
Yet, the change in the direction of effect was not. One possible explanation for why the youngest 
stratum (15-19 years) shows a protective effect could be that they may be receiving more school-
based support as part of this group may still be in secondary school, while those of the upper age 
strata may no longer have the school-based support system. Additionally, the youngest stratum 
have access to universal healthcare, especially mental health services, which is disrupted in 
adults (Nguyen et al., 2017). Alternatively, it is possible that years-with-diagnosis plays a role in 
the psychological distress across age groups, and perhaps influences the effect. For example, an 
emerging adult may have experienced a recent diagnosis, or they may have been diagnosed years 
prior to the study – regardless of the age strata they are within. Receiving a recent diagnosis for 
LDs has a negative effect on health-related quality of life (Karande et al., 2009). On the contrary, 
living with a diagnosis for longer may allow for time to adjust to diagnosis and seek out the 
necessary supports, which has shown to improve quality of life (Moseholm et al., 2016). In turn, 
this may influence the level of psychological distress. Due to the cross-sectional nature of this 
study, this association could not be investigated, but the number of years an individual lives with 
a diagnosis is a recommended consideration for longitudinal studies.  
7.3.2 Moderation by Sex 
Unlike the results of the linear regression, the logistic regression found that the association 
between LDs and psychological distress was protective in females but was a risk factor in males, 
with the only statistically significant results in males. As the K6 is based on anxious and 
depressive symptomatology, it was surprising that females did not demonstrate statistically 
significant higher K6 scores or had a higher likelihood of having scores above the K6 cut-point, 
given that a plethora of studies have identified that females with LDs are more likely to display 
internalizing disorders. Further, this result is unanticipated given that women have shown higher 
psychological distress due to gendered stressors (i.e., in the work and family) and access to 
resources (Bilodeau et al., 2020; Nurullah, 2010), which would be relevant in emerging 
adulthood. Nevertheless, the sex-based effect on the association between LDs and internalizing 
disorders has not been consistent, as demonstrated in a meta-analysis by Klassen et al. (2013) 
where moderation by sex was not found. It is possible that the findings of the current study could 
be a function of the dataset. More specifically, perhaps the outcome of K6 scores was not 
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sensitive enough to demonstrate a sex-based difference, especially given that the data do not 
include “institutionalized” individuals who may have disproportionately high psychological 
distress. Moreover, inclusion of covariates (i.e., SPS-10 scores) not previously investigated may 
have influenced the association. Unfortunately, without statistically significant results in the 
female stratum, determining the sex-based differences in the association between LDs and 
psychological distress is not possible.  
7.3.3 Moderation by ADHD Status 
Learning disabilities were not significantly associated with psychological distress when 
stratified by ADHD status. The effect of ADHD on the mental health of those with LDs has 
shown mixed results. Some studies have demonstrated significant poor mental health outcomes 
in those with comorbid ADHD/LD compared to those with LDs alone (Wilson et al., 2009), 
while others have not found a difference in internalizing symptomatology between these two 
groups (Nelson & Gregg, 2012). This may be due, in part, to the type(s) of LD that is comorbid 
with ADHD (Willcutt et al., 2019), which cannot be ascertained in the present study. Moreover, 
previous studies have noted that differences in those with LD, ADHD, or both may be impacted 
by psychosocial variables and substance use (DuPaul et al., 2017), which were considered and 
adjusted for in the present study. While there was a lack of statistical significance in the 
moderation of LD and psychological distress, it should be noted that comorbid ADHD has 
implications for family functioning and health service use (Browne et al., 2013), and this may 
ultimately impact the mental health of those with disabilities. 
7.3.4 Moderation by WHODAS 2.0 Scores 
Lastly, LDs were not significantly associated with psychological distress in those with or 
without clinically significant disability as measured using the WHODAS 2.0 scores. While the 
linear regression did not display statistically significant effect modification, the logistic 
regression did, and it trended in the expected direction for those with clinically significant 
disability. Considering that it assesses level of impairment in physical and mental domains, it 
was expected that severity of impairment would modify the association between LDs and 
psychological distress. As previously stated, it is possible that the study sample, which did not 
include individuals in institutions, did not include those who experience the most severe 
impairment. However, it is also possible that the inclusion of certain covariates, such as social 
support and help received, may have attenuated the impact of functional disability on 
psychological distress.  
7.4 Mechanisms in the Comorbidity of Learning Disabilities and Mental Illness 
The current study has affirmed the association between LDs and mental illness through 
linear and logistic regression, as well as identified the presence of effect modification within this 
association. Although not within the scope of this investigation, the mechanisms operating in this 
association are complex, with the literature comprising significant support for the effect of 
environmental factors on the mental health of individuals with LDs. Ultimately, emerging adults 
with LDs experience similar personal and interpersonal challenges as those without LDs, but the 
effect is exacerbated by the presence of an LD (Haft, Duong, et al., 2019). With the mechanisms 
in mind, the environment becomes especially important in mitigating potential or existing mental 
health challenges. Research into the supports and barriers to these major life transitions for 
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individuals with disabilities emphasizes the person-environment interaction (Stewart et al., 
2014). In a qualitative systematic review on students with LDs in higher education, fear of 
stigmatization, lack of policies/resources, and inconsistencies across departments created barriers 
to success, while self-determination and family/peer support were supportive (Canadian Institute 
for Health Information, 2012; Gow et al., 2020). As more individuals with LDs are pursuing 
higher education than in the past, educational and workplace policies and practice are paramount 
in ensuring that they transition successfully. If these supports are not in place, then there may be 
unintentional impacts on the mental health of emerging adults with LDs.  
7.5 Implications 
The broad implication of the present research pertains to awareness of and support for 
emerging adults with LDs. As mental illness impacts a significant proportion of emerging adults, 
and the transition from child/adolescent mental health services to adult mental health services is 
fragmented (Nguyen et al., 2017), systems thinking is needed when developing interventions 
(Hamdani et al., 2011). Firstly, awareness of LDs is important so that earlier interventions can 
occur. Not only does an earlier diagnosis result in better LD treatment outcomes, but the formal 
diagnosis by a registered psychologist includes a component on social, emotional, and 
behavioural strengths that considers internalizing and externalizing behaviours/disorders, which 
could also lead to treatment recommendations related to mental health (Ontario Psychological 
Association, 2018). Economically, earlier diagnosis enables individuals with LDs to benefit from 
school-based support and insurance coverage. As assessments for LD diagnoses by a registered 
psychologist often range from $2000-2500, this may not be accessible to emerging adults 
without insurance coverage or those in challenging financial positions (Learning Disability 
Association of Ontario, n.d.). Furthermore, post-secondary institutions may not offer 
accommodations without a formal assessment (Learning Disability Association of Ontario, n.d.), 
which many students are unaware of prior to beginning their post-secondary education, and this 
can create a barrier to success.  
Within higher education and the workplace, lack of knowledge, stigma, and 
discrimination become especially important for those with invisible disabilities (Lindsay et al., 
2018). Students with these types of disabilities are often faced with additional difficulties in 
disclosure due to fear of discreditation (Waterfield & Whelan, 2017), as well as lack of 
acceptance and accommodation (Lindsay et al., 2019). While appropriate accommodations are 
debated and a one-size-fits-all approach is not encouraged, resources to improve awareness 
should be provided in higher education and workplace settings. Informed educators and 
employers may, in turn, create supportive environments, which may help individuals with 
disabilities feel comfortable with disclosing their disability and seeking accommodation (Lindsay 
et al., 2019). Moreover, inclusive environments help reduce disability discrimination, which has 
been associated with negative mental health impacts (Temple & Kelaher, 2018). Taken together, 
the mental health challenges faced by emerging adults with LDs may be lessened by improved 
policy and practice within post-secondary institutions and the workplace.  
Future research on emerging adulthood as a developmental period that is particularly 
vulnerable to mental health challenges is warranted. Additionally, future studies on the 
longitudinal association between LDs and mental illness in emerging adults are necessary to 
elucidate how LDs may impact mental health over time. As some individuals may experience 
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mental health challenges before becoming aware of their LD diagnosis, it would be important to 
see how a diagnosis may affect mental health outcomes. Moreover, future investigations should 
consider personal and interpersonal factors, such as measures of resiliency, which may help in 
the understanding of the mechanisms implicated in the association between LDs and 
psychological distress. In a longitudinal investigation with these covariates, it would be possible 
to explore how changes in the support system may influence mental well-being. For instance, if 
an individual moves from a less supportive to more supportive environment, or vice versa, this 
may provide further evidence for improved policy and practice. Furthermore, future studies 
should determine the psychometric properties of the K6 in those with LDs. If validated in this 
population, then the K6 could be adopted in initial mental health assessments, or perhaps in an 
LD screen, as a quick measure to suggest mental health support to those in need.  
7.6 Strengths and Limitations 
A perceived strength of this study is the broad encapsulation of LDs in the exposure of 
interest. Although it may be asserted that a self-reported identification of having an LD is a 
weakness, this broad identification accommodates the definitional and operational challenges 
that have impacted LD research. Additionally, the mental health of emerging adults with LDs has 
not been studied extensively, even though this developmental period is marked by changes that 
may be particularly challenging for those with LDs, such as transition to higher education or the 
workplace. Thus, the current study adds to the existing literature on emerging adults with 
invisible disabilities. Furthermore, this study examined potential modifiers in the association 
between LDs and psychological distress that other studies may not have had the sample size or 
data to investigate. As a result, these results aid in identifying additional considerations for 
intervention. The methodology of this study is also a strength as secondary data analysis is a 
relatively quick and cost-effective way to investigate associations not previously researched. 
Lastly, the CCHS-MH data, which are representative of the Canadian population, allow for high 
external validity within a Canadian context. 
One limitation of the current study is that there is no information about type or severity of 
the LD, which would likely alter the measures of mental health. However, when considering the 
diagnostic challenges, it is difficult to ascertain these aspects of LDs; thus, the generalized 
identification of LD may avoid misclassification bias. Severity may also have been controlled for 
by the inclusion of the WHODAS 2.0 as a covariate. Secondly, there was also limited data on 
participant primary language, either through language or immigrant status variables, which 
meant that language could not be accounted for in the association between LD and psychological 
distress. While language may have implications on academic success, it is important to note that 
discretion is usually applied during diagnoses in order to account for language, culture, and 
immigration (Ontario Psychological Association, 2018), although this information is not 
contained in the data set. As this is a cross-sectional design, a temporal association between LDs 
and psychological distress cannot be asserted since both the exposure and outcome were 
recorded simultaneously. However, this study is hypothesis-generating and may encourage future 
cohort studies. Additionally, since the study utilized self-reporting, there is a potential for 
reporting bias – specifically recall and social desirability biases. There is a risk for recall bias as 
participants may have made errors remembering information from the past; social desirability 
bias is a concern as there was a great deal of sensitive personal information that participants may 
not have wanted to disclose. However, both types of information bias were likely minimized due 
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to confidentiality procedures and the use of validated measures, which contain neutral questions 
(i.e., WHO-CIDI) (Althubaiti, 2016). Due to the methodological strengths of the CCHS-MH, this 
study was unlikely impacted by bias. Lastly, stratified analyses may explain the lack of statistical 
significance as it created smaller sample sizes, and thus wider confidence intervals. Yet, the 





























 The main conclusion from the current study is that emerging adults with LDs are more 
likely to have clinically significant higher psychological distress compared to emerging adults 
without LDs. The results support previous literature on the positive association between LDs and 
mental illness, and they also add to sparse research of this association in emerging adulthood. In 
addition, effect modification was present for all moderators, but it was only statistically 
significant for age and sex. Specifically, adjusted models were statistically significant for males 
and for those in the 15-19-year and 25-29-year age categories. Although this is broadly 
consistent with previous findings, the role that age and sex play in the association requires more 
attention. While not statistically significant, the current data also suggest that ADHD status and 
disability impairment should be investigated to further understand how comorbidity is implicated 
in this association. Nevertheless, using a representative sample of the Canadian population, this 
epidemiological inquiry provides a basis for improved policy and practice that considers the 
prevalence of mental illness in those with LDs. Improved awareness and support in post-
secondary institutions and the workplace that reflect individual needs may help equip those with 
LDs to better face challenges. In turn, increased support may help reduce mental illness in 
individuals with LDs or other invisible disabilities, especially as they navigate emerging 
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Table A1: Predictors of Missing Kessler Psychological Distress (K6) Scale Data (n = 26) 
Variables OR (95% CI) 
Age 0.51 (0.22, 1.19) 
Sex 0.61 (0.19, 1.98) 
School Status 0.35 (0.11, 1.10) 
Income 0.96 (0.59, 1.54) 
Has a Learning Disability 0.52 (0.12, 2.29) 
WHODAS 2.0 1.00 (0.93, 1.07) 
Has ADHD 0.52 (0.09, 3.12) 
Past 12-month Medication Use for Emotions, Mental Health, Alcohol 
or Drug Problems 
1.34 (0.16, 10.91) 
Help Received in Past 12 Months for Emotions, Mental Health, 
Alcohol or Drug Problems 
1.04 (0.25, 4.22) 
Has Family Member with Emotions, Mental Health, Alcohol or Drug 
Problems 
5.12 (1.16, 22.49) 
SPS-10 Scores 0.97 (0.82, 1.15) 
Lifetime Any Substance Use Disorder 5.61 (0.68, 46.70) 
Lifetime Major Depressive Episode 0.60 (0.13, 2.81) 
Lifetime Generalized Anxiety Disorder 0.72 (0.15, 3.34) 


















Table B1: Normality of Residuals from Regression of Log-Transformed K6 Scores on Learning 
Disabilities 
Test Statistic (P-value) 
Model 1 Model 2  Model 3 Model 4 
Kolmogorov-Smirnoff 0.11 (<.010) 0.07 (<.010) 0.05 (<.010) 0.05 (<.010) 
Cramer-von Mises 8.96 (<.005) 3.69 (<.005) 3.87 (<.005) 4.01 (<.005) 
Anderson-Darling 67.79 (<.005) 32.17 (<.005) 25.96 (<.005) 26.47 (<.005) 
 
 
Figure B1: Distribution of Residuals for Model 1  
 
 
Figure B2: Q-Q Plot of Residuals for Model 1  
 
Distribution and Probability Plot for RESIDUALS


































Distribution and Probability Plot for RESIDUALS





































Figure B3: Distribution of Residuals for Model 2 
 
 
Figure B4: Q-Q Plot of Residuals for Model 2  
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Figure B5: Distribution of Residuals for Model 3 
 
 
Figure B6: Q-Q Plot of Residuals for Model 3  
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Figure B7: Distribution of Residuals for Model 4 
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Model 1: Crude Model of Log-transformed K6 Scores Regressed on LD 
𝑌𝑖 = 𝛽0 + 𝛽1𝑋1𝑖 + 𝜀𝑖  
Where,  
𝑌𝑖 is the observed outcome value for K6 scores 
𝑋1𝑖 is the observed predictor value for learning disabilities 
𝛽0 is the fixed unknown intercept 
𝛽1 is the fixed unknown slope corresponding to learning disabilities 
𝜀𝑖 is the unknown random noise, where 𝜀𝑖
iid 𝑁(0, 𝜎2) and for any 𝑖 ≠ 𝑗, (𝑋𝑖, 𝑌𝑖) ⊥  (𝑋𝑗 , 𝑌𝑗). 
 
Model 2: Log-transformed K6 Scores Regressed on LD + Demographic Characteristics 
𝑌𝑖 = 𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖 + 𝛽4𝑋4𝑖 + 𝛽5𝑋5𝑖 + 𝜀𝑖  
Where,  
𝑌𝑖 is the observed outcome value for K6 scores 
𝑋1𝑖 is the observed predictor value for learning disabilities 
𝑋2𝑖 is the observed predictor value for age 
𝑋3𝑖 is the observed predictor value for sex 
𝑋4𝑖 is the observed predictor value for school status 
𝑋5𝑖 is the observed predictor value for total income from all sources 
𝛽0 is the fixed unknown intercept 
𝛽1 is the fixed unknown slope corresponding to learning disabilities 
𝛽2 is the fixed unknown slope corresponding to age 
𝛽3 is the fixed unknown slope corresponding to sex 
𝛽4 is the fixed unknown slope corresponding to school status 
𝛽5 is the fixed unknown slope corresponding to total income from all sources 
𝜀𝑖 is the unknown random noise, where 𝜀𝑖
iid 𝑁(0, 𝜎2) and for any 𝑖 ≠ 𝑗, (𝑋𝑖, 𝑌𝑖) ⊥  (𝑋𝑗 , 𝑌𝑗). 
 
Model 3: Log-transformed K6 Scores Regressed on LD + Demographic Characteristics + 
Psychosocial Factors 
𝑌𝑖 = 𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖 + 𝛽4𝑋4𝑖 + 𝛽5𝑋5𝑖 + 𝛽6𝑋6𝑖 + 𝛽7𝑋7𝑖 + 𝜀𝑖  
Where,  
𝑌𝑖 is the observed outcome value for K6 scores 
𝑋1𝑖 is the observed predictor value for learning disabilities 
𝑋2𝑖 is the observed predictor value for age 
𝑋3𝑖 is the observed predictor value for sex 
𝑋4𝑖 is the observed predictor value for school status 
𝑋5𝑖 is the observed predictor value for total income from all sources 
52 
 
𝑋6𝑖 is the observed predictor value for SPS-10 Scores 
𝑋7𝑖 is the observed predictor value for whether the respondent has any family members with 
emotions, mental health, alcohol, or drug problems 
𝛽0 is the fixed unknown intercept 
𝛽1 is the fixed unknown slope corresponding to learning disabilities 
𝛽2 is the fixed unknown slope corresponding to age 
𝛽3 is the fixed unknown slope corresponding to sex 
𝛽4 is the fixed unknown slope corresponding to school status 
𝛽5 is the fixed unknown slope corresponding to total income from all sources 
𝛽6 is the fixed unknown slope corresponding to SPS-10 Scores 
𝛽7 is the fixed unknown slope corresponding to whether the respondent has any family members 
with emotions, mental health, alcohol, or drug problems 
𝜀𝑖 is the unknown random noise, where 𝜀𝑖
iid 𝑁(0, 𝜎2) and for any 𝑖 ≠ 𝑗, (𝑋𝑖, 𝑌𝑖) ⊥  (𝑋𝑗 , 𝑌𝑗). 
 
Model 4: Log-transformed K6 Scores Regressed on LD + Demographic Characteristics + 
Psychosocial Factors + Health Factors 
𝑌𝑖 = 𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖 + 𝛽4𝑋4𝑖 + 𝛽5𝑋5𝑖 + 𝛽6𝑋6𝑖 + 𝛽7𝑋7𝑖 + 𝛽8𝑋8𝑖 + 𝛽9𝑋9𝑖 +
𝛽10𝑋10𝑖 + 𝛽11𝑋11𝑖 + 𝛽12𝑋12𝑖 + 𝜀𝑖  
Where,  
𝑌𝑖 is the observed outcome value for K6 scores 
𝑋1𝑖 is the observed predictor value for learning disabilities 
𝑋2𝑖 is the observed predictor value for age 
𝑋3𝑖 is the observed predictor value for sex 
𝑋4𝑖 is the observed predictor value for school status 
𝑋5𝑖 is the observed predictor value for total income from all sources 
𝑋6𝑖 is the observed predictor value for SPS-10 Scores 
𝑋7𝑖 is the observed predictor value for whether the respondent has any family members with 
emotional, mental health, alcohol, or drug problems 
𝑋8𝑖 is the observed predictor value for ADHD 
𝑋9𝑖 is the observed predictor value for past 12-month medication use for emotions, mental 
health, alcohol, or drug problems 
𝑋10𝑖 is the observed predictor value for help received in past 12 months 
𝑋11𝑖 is the observed predictor value for World Health Organization Disability Assessment 
Schedule (WHODAS 2.0) score 
𝑋12𝑖 is the observed predictor value for lifetime any substance use disorder 
𝛽0 is the fixed unknown intercept 
𝛽1 is the fixed unknown slope corresponding to learning disabilities 
𝛽2 is the fixed unknown slope corresponding to age 
𝛽3 is the fixed unknown slope corresponding to sex 
𝛽4 is the fixed unknown slope corresponding to school status 
𝛽5 is the fixed unknown slope corresponding to total income from all sources 
𝛽6 is the fixed unknown slope corresponding to SPS-10 Scores 
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𝛽7 is the fixed unknown slope corresponding to whether the respondent has any family members 
with emotional, mental health, alcohol, or drug problems 
𝛽8 is the fixed unknown slope corresponding to ADHD 
𝛽9 is the fixed unknown slope corresponding to past 12-month medication use for emotions, 
mental health, alcohol, or drug problems 
𝛽10 is the fixed unknown slope corresponding to help received in past 12 months 
𝛽11 is the fixed unknown slope corresponding to World Health Organization Disability 
Assessment Schedule (WHODAS 2.0) score 
𝛽12 is the fixed unknown slope corresponding to lifetime any substance use disorder 
𝜀𝑖 is the unknown random noise, where 𝜀𝑖
iid 𝑁(0, 𝜎2) and for any 𝑖 ≠ 𝑗, (𝑋𝑖, 𝑌𝑖) ⊥  (𝑋𝑗 , 𝑌𝑗). 
 
Model 5: Binary K6 Scores Regressed on LD  
𝜂𝑖 =  𝛽0 + 𝛽1𝑋1𝑖 
Where,  
𝜂𝑖 is the log odds of i-th subject having K6 Cut-point ≥13 
𝛽0 is the fixed unknown intercept 
𝛽1 is the fixed unknown effect of learning disabilities 
𝑋1𝑖 is the observed risk factor for learning disabilities 
Where for any 𝑖 ≠ 𝑗, (𝑋𝑖, 𝑌𝑖) ⊥ (𝑋𝑗, 𝑌𝑗) 
 
Model 6: Binary K6 Scores Regressed on LD + Demographic Characteristics 
𝜂𝑖 =  𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖 + 𝛽4𝑋4𝑖 + 𝛽5𝑋5𝑖 
Where,  
𝜂𝑖 is the log odds of i-th subject having K6 Cut-point ≥13 
𝛽0 is the fixed unknown intercept 
𝛽1 is the fixed unknown effect of learning disabilities 
𝛽2 is the fixed unknown effect of age (in years) 
𝛽3 is the fixed unknown effect of sex 
𝛽4 is the fixed unknown effect of school status 
𝛽5 is the fixed unknown effect of total income from all sources 
𝑋1𝑖 is the observed risk factor for learning disabilities 
𝑋2𝑖 is the observed risk factor for age (in years) 
𝑋3𝑖 is the observed risk factor for sex 
𝑋4𝑖 is the observed risk factor for dichotomous school status 
𝑋5𝑖 is the observed risk factor for total income from all sources 
Where for any 𝑖 ≠ 𝑗, (𝑋𝑖, 𝑌𝑖) ⊥ (𝑋𝑗, 𝑌𝑗) 
 
Model 7: Binary K6 Scores Regressed on LD + Demographic Characteristics + Psychosocial 
Factors  




𝜂𝑖 is the log odds of i-th subject having K6 Cut-point ≥13 
𝛽0 is the fixed unknown intercept 
𝛽1 is the fixed unknown effect of learning disabilities 
𝛽2 is the fixed unknown effect of age (in years) 
𝛽3 is the fixed unknown effect of sex 
𝛽4 is the fixed unknown effect of school status 
𝛽5 is the fixed unknown effect of total income from all sources 
𝛽6 is the fixed unknown effect of SPS-10 Scores  
𝛽7 is the fixed unknown effect of whether the respondent has any family members with 
emotional, mental health, alcohol, or drug problems 
𝑋1𝑖 is the observed risk factor for learning disabilities 
𝑋2𝑖 is the observed risk factor for age (in years) 
𝑋3𝑖 is the observed risk factor for sex 
𝑋4𝑖 is the observed risk factor for dichotomous school status 
𝑋5𝑖 is the observed risk factor for total income from all sources 
𝑋6𝑖 is the observed risk factor for SPS-10 Scores 
𝑋7𝑖 is the observed risk factor for whether the respondent has any family members with 
emotions, mental health, alcohol, or drug problems 
Where for any 𝑖 ≠ 𝑗, (𝑋𝑖, 𝑌𝑖) ⊥ (𝑋𝑗, 𝑌𝑗) 
 
Model 8: Binary K6 Scores Regressed on LD + Demographic Characteristics + Psychosocial 
Factors + Health Factors 
𝜂𝑖 =  𝛽0 + 𝛽1𝑋1𝑖 + 𝛽2𝑋2𝑖 + 𝛽3𝑋3𝑖 + 𝛽4𝑋4𝑖 + 𝛽5𝑋5𝑖 + 𝛽6𝑋6𝑖 + 𝛽7𝑋7𝑖 + 𝛽8𝑋8𝑖 + 𝛽9𝑋9𝑖
+ 𝛽10𝑋10𝑖 + 𝛽11𝑋11𝑖 + 𝛽12𝑋12𝑖 
Where,  
𝜂𝑖 is the log odds of i-th subject having K6 Cut-point ≥13 
𝛽0 is the fixed unknown intercept 
𝛽1 is the fixed unknown effect of learning disabilities 
𝛽2 is the fixed unknown effect of age (in years) 
𝛽3 is the fixed unknown effect of sex 
𝛽4 is the fixed unknown effect of school status 
𝛽5 is the fixed unknown effect of total income from all sources 
𝛽6 is the fixed unknown effect of SPS-10 Scores 
𝛽7 is the fixed unknown effect of whether the respondent has any family members with 
emotional, mental health, alcohol, or drug problems 
𝛽8 is the fixed unknown effect of ADHD 
𝛽9 is the fixed unknown effect of past 12-month medication use for emotions, mental health, 
alcohol, or drug problems 
𝛽10 is the fixed unknown effect of help received in past 12 months 
𝛽11 is the fixed unknown effect of World Health Organization Disability Assessment Schedule 
(WHODAS 2.0) score 
𝛽12 is the fixed unknown effect of lifetime substance use disorder 
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𝑋1𝑖 is the observed risk factor for learning disabilities 
𝑋2𝑖 is the observed risk factor for age (in years) 
𝑋3𝑖 is the observed risk factor for sex 
𝑋4𝑖 is the observed risk factor for dichotomous school status 
𝑋5𝑖 is the observed risk factor for total income from all sources 
𝑋6𝑖 is the observed risk factor for SPS-10 Scores 
𝑋7𝑖 is the observed risk factor for whether the respondent has any family members with 
emotions, mental health, alcohol, or drug problems 
𝑋8𝑖 is the observed risk factor for ADHD 
𝑋9𝑖 is the observed risk factor for past 12-month medication use for emotions, mental health, 
alcohol, or drug problems 
𝑋10𝑖 is the observed risk factor for help received in past 12 months 
𝑋11𝑖 is the observed risk factor for World Health Organization Disability Assessment Schedule 
(WHODAS 2.0) score 
𝑋12𝑖 is the observed risk factor for lifetime substance use disorder 
Where for any 𝑖 ≠ 𝑗, (𝑋𝑖, 𝑌𝑖) ⊥ (𝑋𝑗, 𝑌𝑗) 
 
 
